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SPACEWAyTM Builds on Existing
Hughes Technologies
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• SPACEWAYTM system uses core Hughes technologies:

- Proven, reliable HS-601 satellite design

- On-board digital signal processing

- Ka-band electronics (MMICs, TWTAs, etc.)

- Millimeter wave crosslinks

- DIRECTVTM and VSAT network experience

• Basic technology improvements are in-place to efficiently meet
SPACEWAYTM needs:

- Low power ASIC devices

- High performance MMICs

- Millimeter wave LNA and power devices

- Compact packaging of digital and RF electronics
•••••••••••••••II'i!i;"'\7-, ~i



SPACEWAYTM Summary
Evolutionary extension of Hughes core

competencies
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Affordable on-ramp to information superhighway

• Bandwidth on demand with universal access

Market driven regional system with worldwide
connectivity
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SPACEWAYTM System Summary

ABSTRACT

By the end of this decade, Hughes' SPACEWAYTM network will provide the first
interactive "bandwidth on demand" communication services for a variety of
applications. High quality digital voice, interactive video, global access to multimedia
databases, and transborder workgroup computing will make SPACEWAYTM an
essential component of the computer-based workplace of the 21 st century. With
relatively few satellites to construct, insure, and launch -- plus extensive use of cost
effective, tightly focused spot beams on the world's most popUlated areas -- the high
capacity SPACEWAYTM system can pass its significant cost savings onto its customers.
The SPACEWAYTM network is different from other proposed global networks in that its
geostationary orbit location makes it a truly market driven system: each satellite will
make available extensive telecom services to hundreds of millions of people within the
continuous view of that satellite, providing immediate capacity within a specific region
of the world.

Introduction

This paper presents a summary description of SPACEWAYTM, a global network of
Ka band satellites being developed by Hughes Communications, Inc., to provide
worldwide telecommunication services. The SPACEWAYTM network will utilize
state-of-the-art technology to introduce a broad range of innovative and affordable
satellite services on a global basis to consumer and commercial end-users. The
outline of principal topics addressed in this paper is as follows:

1. System concept
2. Space segment characteristics
3. Ground segment characteristics
4. link performance objectives and power budgets

1. System Concept

The SPACEWAYTM system1 is a network of regional systems that will utilize
satellites in the geostationary satellite orbit (GSO) to prOVide cost-effective, two-way
voice, medium- and high-speed data, image, video and video telephony
communications service to both business and individual users. Direct access to the
satellites will be available on demand throughout the world via inexpensive ultra small
aperture terminals (USATs). SPACEWAYTM is a high capacity, high quality, yet very
versatile system. Figure 1 provides a summary of the performance available 'with each
satellite. A two satellite regional configuration would therefore enable over 230,000
simultaneous telephone calls at 16 Kbps. The all digital 16 Kbps circuits utilized for
telephony will ensure consistent high quality voice channels.

1Application filed by Hughes Communications Galaxy, Inc. with the Federal
Communications Commission on 26 July 1994.
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The high capacity of each SPACEWAYTM satellite IS focused through the spot
beams on the populated areas of the world thereby creating a significant cost
advantage in the delivery of its telecom services. The flexibility of applications
available through SPACEWAYTM is achieved through its broad range of data rates and

IS illustrated in FiQure 1A.

SPACEWAYTM
Performance Summary

satemte
Type: HS601
Lifetime: 15 yrs
Dry weight: 3.785 Ibs
Eclipse capacity: 100%
BandWidth: 500 MHz
Nu..... of CommwllcMton .,.....: 48
Communication beem _.IdI.,: 125 MHz
BEA performance: 1 x 11t"
Transmit1er redundancy: 64 for 48
Modulation: QPSK
Da" stream: FDMlTDMA Uplink

TOIl Downlink
Data throUVhpul: 4.' ca,.
Downlink data rate: t2 ....
Downlink EIAP: eo (dlw) Pnk: 55 Edge
Inter .atelllte IInkl: 60 GHz: 1 Gbp.

HUGHES
COMMUNIC"TlONS-,. DKtnltIer ,""

C8peclty per I-'elllte

Kbps 16 121 384 1.544 2,041

SIMuhneou. 230.400 23.040 11.520 2.880 2.304
.......x
cherlnell

USAT
SID: 66 cm to 2 m
UpIInIl power: 0.1 w to 2.0 w
UpIIftk trl"lIlncy: 27.5 • 30.0 GHz (Agtte)
lJtIIr* ........: 16 10 1544 Kbps
Multi __ wIttI optional terminal

SPACEWAY Enables a WldeRall.e 0 App' catioM
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The SPACEWAYTM network is different from other proposed global networks in
that its geostationary orbit location makes it a truly market driven system: each satellite
will make available extensive telecom services to hundreds of millions of people within
the continuous view of that satellite, providing immediate capacity within a specific
region of the world. SPACEWAYTM will be implemented in a phased, regional
approach beginning in 1998, expanding into a network of four interconnected regional
systems: (i) North America. (ii) Asia Pacific (iii) CentraVSouth America, and (iv)
Europe/Africa. The SPACEWAYTM network will provide in each of these regions the
same low-cost, ubiquitous communications services at data rates up to multiple
megabits per second, while also providing worldwide connectivity.

In developing countries, SPACEWAYTM will offer essential domestic and
international telephone and facsimile services that will be seamlessly integrated into
the public switched telephone network ("PSTN"). The system will offer domestic
service. intra-regional service (e.g., Japan to Korea), and global intemational service
(e.g., United States to Japan). SPACEWAYTM will offer high bandwidth services for a
variety of consumer and business applications, both for countries with existing telacorn
infrastructures and those with emerging needs for advanced services.

Figure 2 depicts the phased regional implementation of the SPACEWAYTM
network. The first satellites in the SPACEWAYTM network will be operational in 1998.
Each regional system will include two satellites. Our system plan accommodates the
growth for up to four satellites per region. By the year 2000, the SPACEWAYTM
network will provide global coverage and offer connectivity among all the regions of
the world through the use of intersatellite links and satellite beams. For these reasons,
Hughes believes that the SPACEWAYTM network will become an essential element in
the establishment of the Global Information Infrastructure (Gil) by the turn of the
century.

Europe "
Alrlca
25'£

._~'~.
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This innovative all-digital network will utilize state-of-the-art advances in satellite
technology to provide full duplex interactive communications throughout the world. In
addition to use of both narrow and wide area spot beams, its features include
on-board signal processing, on-board switching, small, easily installed ground
terminals, and digital transmissions at a variety of bit rates. Through a unique
arrangement of intersatellite links (ISLs), SPACEWAYTM will create the first truly
interconnected worldwide wideband network.

A key component of the system architecture is the Ka-band spot beam network.
This technology will allow the use of extremely small end user terminals
(approximately 66 cm) and provide a high degree of spectrum efficiency. Each spot
beam nominally will use 125 MHz of bandwidth. Narrow spot beams (about 1°) with a
footprint approximately 650 km. in diameter will cover most of the populated world land
mass. In certain regions of low population density, wide spot beams (3°) will be used
to cover areas about 1950 km. in diameter. The satellite design will permit reuse of
frequencies up to twelve times. Thus, the 500 MHz of spectrum utilized by each
satellite will result in an effective 6 GHz of useful bandwidth per satellite.

The system allows symmetric and asymmetric data communications at
transmission rates from 16 Kbps to 1.544 Mbps, depending upon user requirements
with the standard 66 em terminal. Multi megabit per second applications can be
accommodated with the SPACEWAYTM optional broadband terminal.

Each satellite will utilize a state-of-the-art on board switCh/processor to provide
individual end users with immediate access to the space segment, and to route
transmissions within and between appropriate destination spot beams, as well as to
interconnect with other satellites in the network. This "on demand" satellite service will
be priced competitive, with many basic terrestrial telephone services especially in
remote and underdeveloped areas, where basic telephone services are neither
economically feasible nor available. In addition, the use of off-the-shelf digital video
compression equipment or optional codecs built into the earth terminals will allow end
users to utilize a high quality, two-way interactive video telephony service. Availability
of such teleconferencing faoilities at low cost should help lesser-developed countries
to improve the delivery of vital services such as health care and education.

SPACEWAYTM will offer a dramatic advancement in the functionality and
affordability of business networks relative to today's VSAT capability. For businesses,
the SPACEWAyTM USAT both advances the state-:of-the-art in VSAT netWOrking, and
brings satellite technology to the economic threshold of a greater universe of
customers. SPACEWAYTM USATs offer complete mesh connectivity without the need
for expensive hubs: in essence a "hubless" network. Thus, through low cost USATs,
smaller businesses .. for whom today's VSATs are unaffordable - can take advantage
of satellite networking without requiring a large number of sites to amortize hub costs.

4
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SPACEWAYTM overcomes this limitation by providing worldwide coverage and global
connectivity at Ka band. Furthermore, thers are many areas of the world without
access to Ka band satellite capacity that is currently needed to support VSATS.

SPACEWAYTM will accommodate most conventional VSAT applications,
including retail point-ot-sale transaction processing, on-line reservations and
inventory/pricing information updates. In addition, SPACEWAYTM will offer a variety of
wideband services including video telephony and conferencing (allowing multiple
meeting sites and interconnection with terrestrial videoconferencing equipment and
services), telecommuting (home computer to office LAN connection), medical and
technical tele-imaging and CAD/CAM data and image transmission.

With its small size and low cost, the SPACEWAYTM USAT will make the benefits
of satellite communications readily accessible to consumers. It is anticipated that
consumers will use SPACEWAYTM for basic telephony and data communications,
personal vidotelephony and high speed personal computer access to on-line services
(such as Compuserve and Prodigy), as well as two-way interactive access to the wide
array of multimedia information and entertainment services currently being developed
for the "information superhighway" of tomorrow. The system will permit the advanced
telecommunications and media industries to reach an even wider audience through a
globally interconnected wideband network.

The SPACEWAYTM network represents a giant stride forward for the transmission
of data. The incorporation of on-board satellite switching/processing, multi-spot beam
coverage, and advanced ground terminal semiconductor technology, will allow small,
inexpensive end user terminals, immediate and on-demand access to space segment
and very fast data transmission. For many applications, such as sending medical
images (x-rays) to and from remote clinics, short transmission time is critical. The
SPACEWAYTM network can dramatically reduce the retransmission time of important
data by providing transmission at rates more than 150 times faster than conventional
telephone lines. The following chart displays this relationship between time,
information content and bandwidth.

IMAGE INFORMATION ORDINARY SPACEWAYTM SPACEWAYTM

CONTENT PHONE LINE 384 Kbps 1.5 MBPS
(T1)

Digitized 1.0 megabit 1.7 min. 2.6 sec 0.7 sec

Photo

CAD/CAM 2.0 megabits 3.4 min. 5.2 sec 1.4 sec

CT Scan 5.2 megabits 9.0 min. 13.5 sec 3.4 sec

X-Ray 12.0 megabits 21.0 min. 31.3 sec 7.8 sec

5



lIw--.

SPACEWAYTM System Summary 16 December 1994

In sum. the on-demand high-speed data transmission capability of the
SPACEWAYTM network will facilitate an array of applications. In addition to those
described above, many other could be made available through third-party service
providers.

The SPACEWAYTM network will provide interconnected, bandwidth on demand
services to virtually every populated area of the world. In this regard, the service area
of the SPACEWAYTM network is similar to that of many of the low earth orbit ("LEO·)
satellite systems that have been proposed. The SPACEWAYTM network is different
from these LEO systems in two significant respects: it is more spectrally efficient and it
will not forestall the development of other geostationary satellite systems using the Ka
band at other orbital Iccations. It is a geostationary satellite system that operates from
a total of six orbital locations and complies with the United States Federal
Communications Commission's 2° spacing policies. Thus, it is anticipated that it will
be compatible with any other Ka band FSS system that may operate at any other
geostationary orbital location that is at least 2° away. Assuming uniform 2° spacing
around the world, making 180 orbital slots available, the 2.5 GHz that has been
proposed for SPACEWAYTM could be reused to effectively provide 435 GHz of Ka
band spectrum for other satellite services. No LEO system that has been proposed to
date has offered this type of an opportunity for frequency reuse. In sum, unlike LEO
satellite systems that have been proposed at Ka band, the SPACEWAYTM network
supports the entry of multiple service providers at all or part of the 2.5 GHz that is
available at Ka band.

2. Space Segment Characteristics

The deployment of the multibeam satellites at geostationary orbit will be
accomplished on a phased regional implementation and is illustrated in Figure 1. The
proposed assignment of frequencies and polarizations to satellite beams, the
geographic coverage provided by these beams, and a description of the other satellite
parameters are given below.

2.1 Frequency and polarization AssiQnments

The SPACEWAYTM global network will utilize the 17.7 to 20.2 GHz portion of the
Ka band for space-to-Earth (downlink) transmissions, and the 27.5 through 30.0 GHz
portion of the Ka band for Earth-to-space (uplink) transmissions. This spectrum has
been allocated on a worldwide basis for the Fixed-Satellite Service ("FSS").

The overall frequency plan for each of the seventeen satellites in the

SPACEWAYTM network is presented in Figures 3,4, and 5.

6



A ""IDE RANGE
OF" AFFORDABLE APPLICATIONS

Infrastructure Enhancement
[n most developing countries. making basic telephony
a\ailable to all citizens is a national priority However.
eren the most ach'anced terrestrial svstem is chal
lenged to provide sen ice in regions with low popula
tion densit:: poor economies. or difficult topography.
SP..:\CE\XAY technology can readilv overcome these
constraints. The system offers telephone and facsimile
services that can significantly extend the telecommu
nications infrastructure in developing countries.

Unit'ersal Access. The S\'stem provides a cost-effective

means to achieve uni\'ersaJ senice. especial/lill rural :U1d

remilte regions.

.-\11 e.\:.l.mple ill'

how a region \\lth

:.l. poor or non

existent telecom

lIlUnlGl.tions

infrastructure

would be served

b\ the s\stem IS the SPACE\\AS Telecommunications Center

(STCJ B~' placing an STC [n a town or village. individu:.l.ls C:.l.n

immediately make or receive voice. video. data and fax trans

missions to and from anywhere in the world.

AJ1o"'~ ,..,.,..,. SPACEWAYprovides affordable

telephony and data communications to assist economic and

industrial development. Unlike mobile telephony systems.

SPACEWAY uses long-life. high-capaCltv geostationarvsatellites

that [(lCUS all communication beams on populated

regions. This approach will offer the most efficient.

low -cost service. competitivelv priced with domestic

and international terrestrial networks..-\s well. the

cost per voice circuit till' the SP-\CE\rAY System will

be 10 til ~() tllnes lower than proposed l110bile s\stems.

Higb Quality Telephony. The svstem's all digitallb Kbps

VOIce channels incorporate echo cancellation to ensure

excellent \oice qualit\' - noticeabh' better than the mobile

alternative at ~ Kbps

Rapid Deployment. Because the svstelll is satellite-based.

it can deliver rapid infrastructure deplo\lnent regardless of

population densit\ economic conditions or llifficult topographY.

New Generation of VSA1S. Improved functionalit\ and

lower capital and operating costs will emble more businesses

to electronically connect multiple locations till' transactions

such as retail pomt-of-sale and inventof\ control.

Interactive Multimedia
SPACE'XAY offers broadband sen'ices for a variety of
consumer and business applications for those who
have emerging needs for advanced serrices. but hare
no access to terrestnal high data-rate lines.

computer Networking. Organizations can unite opera

tions :.it llluitiple locations by joining their remote LANs into :.i

single high -speed network through SPACE\'(-\Y.

Tele-I",.,,,,,. Physicians can use the s\'stem to transmit

high-resolution images (X-rays). allowing specialists to inter

act with patients at distant locations.
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SPACE\\.-\Y· is a wireless e\pressway that will provide businesses and consumers around the world with
affordable access to a \ariety of interacti\e. high-speed and high-quality broadband telecommunications
senices. SPACE\X'AY utllizes a global system of geostationary satellites that \\'lll allow users to transmit and
receive mice. video. audio. and data hundreds of times faster than conventional telephone lines. Access to the
system is easy and Instantaneous through use of a low-cost (S 1.000). two-way 26-inch antenna. SPACEWAY
will offer business users a wide v.ariety of applications. including desktop video telephony and conferencing.
computer networking. technical tele- imaging. CAD CA~l transmission and high-speed. low -cost access to
the next generation of on -line multimedia data bases at rates from 16 Kbps to 2 \lbps and higher. if desired.

The SPACEWAY System will play two key roles when service begins in 1998. The first is infrastructure
enhancement: to provide basic telephony to underserved areas of the world. and to allow these areas regional
and global telecol11 access. The second is interactive l11ultimedia: to provide advanced communications to
the global marketplace. where huge quantities of information must be accessed and shared electronicall}:

REGIONAL FOCUS ...

\NORLD\NIDE CONNECTIVITY

.-\sia Pacific: II (J EL

Central &South America: ';0 \Xl

SP.\CE\\o\\ is a Fixed Satellite Slstem (FSS i using spacecraft III geostatiol1an e:irth orbit (GEO). OperatlI1g 1I1 the K:i-band spectrum. SP.\CE\\.W

will consIst of four interconnected regional satellite slstel11S pro\llling service to ne:irl\ all of the worlds popul:itlon. The first regllJllal Si"stem will

Illfer semce in ll)L)8. with the other three regions going 1m-line bl the lear JJ()() ~p-\CE\nY prll\ldes baIllhm!th-lln-demand--rhe abillt\ to

tranSllllt am! recelle IOlce. lideo. audio. and data at anI time from anI place-at up to tWll megabits per ~econd It \e:ullle,sll Integrates Into

the rerre,tmlllltrastructure. enabltllg ~P·\.cE\\W customer, to Cllml1lUnlcate \llth al1\One senel! bl" the terrestrial net\lork.



IntetWcttve /HsIII.e Learning. ('sers can establish low-cost. two-wa\
education and training programs that bring together students :.tt multiple sites and
instructors who are miles awa\'

Digital Libraries. SPACEWAY provides rapid access to on-line multimedia
information.

lelec_mllli.,. The system's high -speed. interactive data transfer capacity
makes rapid intellectual exchange between office and home effective and easy.

VWeoeMjere"dfl', SPACEWAY delivers high-speed ISDN-type communications
for desktop videoconferencing between office locations.

EASY ACCESS ...
SEAMLI::SS CONNECTIVITY

SPACEWAY end-users wili access the system with an inexpensive Ultra Small Aperture Terminal (USAT).
utilizing a 26-inch diameter dish or antenna. Costing less than $1.000. this terminal is easy to install and
will be available through commercial outlets and consumer electronics retailers. USATs
incorporate complete digital electronics that can interface with a wide variety of end-user
equipment such as telephone. facsimile. personal computer and
video. The system is fully compatible with a wide range of
terrestrial transmission standards such as ATM. ISDN. Frame
Relay and X.25. The SPACE\'fAY l'SAT represents the next generation
in satellite communications technology and provides bandwidth
illl-demand. hubless full -mesh net\vorking. awide range of data rates
and full terrestrial compatibility

HUNDREDS OF TIMES FASTER

SPACE\X':I,I transmits and receives hundreds of times faster than conventional telephone lines. An optional broad
band uplink terminal will support applications requiring up to 20 megabits per second.

u ...
JUaJ'J'.'
41.6 Seconds

1Maiti
2 t' '11·,
12'8"1 ...

WashiIWDn Post
SundaY Edition

CAD/CAM

X-Ray

Digital Library
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Using SPACEWAY Optional
Broadband Uplink Tenninal

The ~P~(E\\AY ~vstem offers the customer instant access to a broad range of applications at selectable data rates. easH\' matched to their specIfic application.

Charg'." will be based on the resources used b\ the customer This translates Into a high degree (If functionality at affordable costs.

HIGH
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PERF"DRMANCE
CAPACITY

UIIN SlMU~ re,,,,.., (USAT)

Satellites
l\pt
Lltetlll1e
lin \\elgllt
Echpse Capant\
l1and\\ldtil
\lIlllber III
(:IIIllI11UnlL:L110nS Beams
r :ollll11unications
fbm BandWidth
f\ Ef{ Performance
Transmitter Redundanc\
\\Ilduhtion
lJata ~tre'Jm

lJata Throughput
Ilownhnk Data Rate
[lowlllmk EIRP
Inter-~atelhte Link;,

HSbOl
I~ \ears
.~.78~ Pound:;
100°"
)()() MHz

mMHz
I x10"
IH for 48
QP~K

FD\! TDMA L~plink. TDM Downlink
~.6 (ibps
92 \lbps
bO rdBWl Peak:::;::; Edge
hI) (1Hz 1(,bps

Size
Uplink Power
Standard Terminal

l: plink Data Rates
Downlink Data Rates

Optional Uplink Termmal
lplink Data Rates

b6cm to 2 III

O.Jwto2.0w

\6 Kbps to 20'18 \tbps
\6 Kbps to '12 \Ibps

IP til 21\ \\bp,
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